The distribution and population structure of the neustonic isopod Idotea metallica were studied from samples collected on two consecutive plankton cruises performed in spring off the Catalan coast (western Mediterranean). On both cruises, high densities were observed along the oceanic side of the shelf-seas front, generally with lower numbers on each side of the front. High densities of the isopod were associated with samples with high quantities of flotsam. Size-frequency distributions were dominated by juvenile individuals, and no significant differences were found in size structure between the population on the oceanic side of the front and that on the coastal side. Temporal variability in the observed distribution patterns is attributed to the mesoscale variations in the inshore-offshore position of the shelf-slope front, which appears to act as a semipermeable barrier concentrating I. metallica, associated with other oceanic neustonic organisms, on its oceanic side.
The neustonic zone is used by many planktonic organisms, either temporarily as by larvae of benthic or pelagic organisms (meroneuston) or more permanently (holoneuston) as by some siphonophores, copepods, and other crustaceans (Pérès, 1982; Davenport and Rees, 1993; Zaitsev, 1997) . As Margalef (2001) stated, the top layers of water bodies are a most important, although relatively neglected, part of the aquatic ecosystem. This interface between the sea and the atmosphere is subject to many environmental stresses such as high turbulence, rapid and great temperature and salinity variations, light and UV rays, etc. (Hardy, 1991; Zaitsev, 1997) . Neustonic organisms have therefore evolved mechanisms to allow them to live in such an unstable environment. However, ecological interfaces are rich and productive because many exchange processes take place through them, and they are therefore sought after by organisms able to cope with this extreme environment (Hardy et al., 1997) . These organisms must also be significantly affected by the mesoscale hydrographic processes, such as frontal structures, eddies, and associated currents (Hardy, 1991) .
The isopod Idotea metallica (Bosc, 1802) is one of the crustaceans best adapted to life in the neustonic zone, and shows a wide geographical distribution (Naylor, 1957; Hempel and Weickert, 1972; Davenport and Rees, 1993) . Because this species does not perform diurnal vertical migrations in the water column (Locke and Corey, 1989; Olivar et al., 1998) , its distribution on the sea surface must be very highly influenced by hydrographic processes affecting the uppermost layers of the ocean. Individuals of this species are known to cling to the undersides of flotsam (McGrath, 1980; Holdway and Maddock, 1983a, b; Locke and Corey, 1989; Gutow and Franke, 2003; Sano et al., 2003) and are also able to swim actively (Dow and Menzies, 1957; Tully and McGrath, 1987; Abelló and Frankland, 1997; Gutow and Franke, 2001) . They have even been observed clinging to pelagic tar balls (Butler, 1975) . Idotea metallica is known to be preyed upon by seabirds and epipelagic fish (Furness and Todd, 1984; Tully and McGrath, 1987; Massutí et al., 1998; Deudero and Morales-Nin, 2000) . Recent reports indicate a range expansion of the species into the North Sea, which has been related to an overall oceanic warming trend (Davoult et al., 1999; Franke et al., 1999; Gutow and Franke, 2001) .
The purpose of this study is to analyse the spatial and short-term temporal variability in the distribution and population structure of I. metallica in relation to the mesoscale hydrographic patterns off the Catalan coast in the western Mediterranean Sea. The hydrological circulation of the northwestern Mediterranean is characterised by a permanent offshore shelfslope salinity front (Font et al., 1988; Salat, 1996) associated with a southwesterly flowing current that displays a high spatial variability over the shelf, especially in spring (Wang et al., 1988; Masó and Tintoré, 1991) .
MATERIALS AND METHODS
Samples were taken during two consecutive research cruises performed in spring 1992: PRIM1 (14-18 May), and PRIM2 (4-8 June). R.V. ''García del Cid'' was used to perform all the cruises. The study area (Figs. 1, 2 ) was located between approximate latitudes 418259N and 428009N (northwestern Mediterranean) and encompassed the shelf and slope adjacent to a submarine canyon. Stations were located along transects perpendicular to the coast around 5 nautical miles (approx. 9 km) apart and extending offshore to waters deeper than 1000 m. Vertical profiles of temperature and salinity were obtained using a CTD. The station position on the sampling grid was repeated in the two surveys, with the exception of a few stations that could not be sampled due to logistic problems. A 100 cm wide neustonic net fitted with meshes of 0.80 mm was used to sample the upper 40 cm of the water layer and was towed starboard of the wake of R.V. ''García del Cid'' at a ship speed of 2 kt for 10 min around each station. The volume of water filtered by the net was recorded by a flowmeter mounted centrally in the mouth of the net. The mean volume of water filtered per tow was 392.7 6 72.3 m 3 . Samples were fixed in 5% buffered Formalin immediately after collection. All individuals captured were sorted in the laboratory under a binocular microscope and measured (total length, TL) from the front of the cephalon to the posterior edge of the pleotelson with an accuracy of 0.5 mm. Because Idotea metallica is in practice a strictly neustonic species (Naylor, 1957; Hempel and Weickert, 1972) whose densities peak in the neustonic layer throughout day and night (Olivar et al., 1998) , both day and night samples were used to study its horizontal distribution throughout the study area. Densities were reported as number per 1000 filtered cubic metres. Size-frequency distributions were pooled for samples appearing at the coastal and oceanic sides of the front and compared with a Kolmogorov-Smirnov nonparametric test.
Flotsam (plastic debris, feathers, small pieces of wood, plants and straw, etc.) was semiquantified in the following manner: all flotsam collected in a sample was separated and put into a 8 cm diameter dish. The percentage cover was visually estimated into the following four categories: 0, , 25%, 25-50%, . 50%. The median number (plus 0.25 and 0.75 percentiles) of I. metallica within each category was then assessed to try to relate isopod densities with amount of flotsam in each sample.
RESULTS

Hydrography of the Study Area
The hydrographical characteristics of the two surveys have been thoroughly studied by Á lvarez et al. (1996) and Sabatés and Olivar (1996) . In the first cruise (PRIM1), the shelfslope front was located around 50 km offshore with a tongue of relatively low-salinity water located at the surface (upper 10 m) between shelf waters and the open sea (Fig. 3) . In the second cruise (PRIM2), a strong surface salinity gradient was located much closer to the shore, over the shelf, with lower inshore salinities than found in the previous cruise. Clear salinity gradients are the main feature characterising the shelf-slope front in the western Mediterranean (Millot, 1987) . Figure 4 shows the density distribution maps of Idotea metallica in the two cruises studied: (a) PRIM1, and (b) PRIM2. Salinity contours at 10 m depth are shown to relate visually the observed distributions to the epipelagic oceanographic features, particularly the location of the shelf-slope front.
Spatial Distribution
On the PRIM1 cruise, the shelf-slope front was located offshore, approximately over the 1000 m isobath at around 42-46 km off the coast. Idotea metallica was found at both sides of the shelf-slope front, but only two stations could be considered to be clearly located at the oceanic side of the front. It is at one of these stations that the highest densities of I. metallica were found (97 individuals per 1000 m 3 ) (Fig. 4) . On the PRIM2 cruise, the shelf-slope front was located further inshore, approximately (Fig. 4) . The offshore distribution of I. metallica was rather homogeneous, but the highest densities (up to 332 individuals per 1000 m 3 ) were clearly found on the oceanic side of the front. On the coastal side of the front, densities were much lower or nil, and high densities (up to 126 individuals per 1000 m 3 ) were detected again at some of the most inshore stations (Fig. 4) .
Population Structure Size-frequency distributions were constructed for both the coastal and oceanic sides of the front in each cruise (Fig. 5) . In both cruises, juvenile individuals smaller than 6 mm TL (Abelló and Frankland, 1997) were the most abundant component of the population at both the inshore and offshore sides of the front. The Kolmogorov-Smirnov test indicated that no significant differences were found between inshore and offshore populations in either of the two cruises (PRIM1:
Flotsam Figure 6 shows for each cruise the median number, plus 0.25 and 0.75 percentiles, of I. metallica within each semiquantitative category in which the amount of flotsam collected in each sample was assigned. In both cruises, samples with high density of I. metallica always corresponded to samples with high quantities of flotsam (. 50% cover), whereas samples with no flotsam present, or with very low quantities, showed null or very low densities of I. metallica.
DISCUSSION
The present results show that Idotea metallica can be considered an oceanic neustonic species whose occurrence in coastal waters may be related to the hydrographic dynamics of the neritic continental shelf waters. Thus, the shelfslope front appears to act as a semipermeable barrier to the horizontal distribution of neustonic organisms, because high densities of the species were always observed along the oceanic side of the front delimitating neritic and oceanic offshore waters. This tendency can also be observed in the data presented by Olivar et al. (1998) in a nearby area of the western Mediterranean. Sabatés and Olivar (1996) stated that verification of the existence of biological-physical interactions and coupling requires that these associations occur repeatedly over time. This aggregation at frontal areas may therefore be a common pattern of the I. metallica populations, which can accordingly be considered a species with predominant offshore oceanic habits.
The shelf-slope front along the northwestern Mediterranean coasts and its associated current constitute a dominant permanent hydrographic system (Hopkins, 1985; Font et al., 1988; Salat, 1996) , though it is subject to a high spatiotemporal instability characterised by the frequent appearance of mesoscale structures (filaments, eddies, and intrusions), particularly in spring (Wang et al., 1988; La Violette et al., 1990; Tintoré et al., 1990; García et al., 1994) . This front essentially separates low-salinity neritic waters over the continental shelf from more saline offshore oceanic waters (Millot, Fig. 5 . Idotea metallica. Size-frequency distributions (total length, TL, in mm) at both inshore and offshore stations of the two cruises.
1987). It intersects the seabed at depths of around 300 m and is usually observed at the surface over approximately the 1000 m isobath (García et al., 1994) . The associated current runs in a southwesterly direction at speeds of 20-30 cm Á s À1 . Variability is highest in spring, because of the increase in freshwater inputs from river runoff (Castellón et al., 1985; Masó and Tintoré, 1991; Salat, 1996) .
The most evident changes observed in the distribution of I. metallica were related to the variability in the inshore-offshore position of the permanent shelf-slope front, with highest densities observed on the oceanic side of the front. The influence of the front was especially noticeable when it was located further inshore (PRIM2 cruise). The front appeared to act as a barrier partly preventing the inshore displacement of I. metallica. This front has already been identified as a structure hindering offshore dispersal of crab megalopae and larvae of continental shelf fish species (Sabatés and Olivar, 1996; Abelló and Guerao, 1999) . These observations, coupled with the present results, provide further evidence of the coupling of planktonic and neustonic organisms with these permanent hydrographic features. The shelfslope front has been shown to act in different geographical areas as a semipermeable dynamic barrier for neustonic organisms, with differences in permeability depending on the habitat, ecology, and behaviour of the different species involved (Govoni, 1993; Perry et al., 1993; Sournia, 1994) . Biological and physical permeability of the shelf-slope frontal structure at the levels nearest to the surface may be partly due to the direct influence of wind and sea breezes on the neustonic organisms and flotsam, as well as to their indirect effects on the inshore surface currents (Shanks, 1995; Pattiaratchi et al., 1997; Hyder et al., 2002) . High densities of I. metallica were associated with samples with high quantities of flotsam. Floating debris and natural flotsam are known to act as dispersal mechanisms for species attached or clinging to them (Locke and Corey, 1989; Gutow and Franke, 2001; Masó et al., 2003) .
Other factors clearly influencing the permeability of the shelf-slope front are the intrusions and eddie-like effects produced by the submarine geomorphology (e.g., submarine canyons, sudden widening of the shelf, etc.), which have a marked effect on the hydrographical dynamics of the western Mediterranean Masó and Tintoré, 1991; García et al., 1994) . In fact, Olivar et al. (1998) attributed the occurrence of mesopelagic fish larvae and Idotea metallica at some coastal stations to the association with episodic inshore-offshore exchanges of water masses identified by drifting buoy trajectories. Additionally, Pineda (1994) showed that shoreward surface flow associated with internal tidal bores transports neustonic larvae in warm water fronts.
Persistence of the frontal structures has been identified as a factor allowing organisms to take advantage of the high productivity generated in fronts, resulting in accumulation in the frontal zone (Olson and Backus, 1985) . Predator-prey relationships may therefore become enhanced in these areas. In the case of I. metallica, concentrations of prey and flotsam may also enhance the occurrence of the isopod. Fronts are known to concentrate aggregations of top-level predators, such as large pelagic fish or seabirds (Fiedler and Bernard, 1987; Podestà et al., 1991; Spear et al., 2001) , which may in turn prey on I. metallica (Furness and Todd, 1984; Tully and McGrath, 1987; Massutí et al., 1998; Deudero and Morales-Nin, 2000) .
No significant differences were observed in the population size structure of I. metallica on the oceanic and coastal sides of the front. This may reflect permeability of the front at its uppermost levels. The effect of inshore wind and wind-induced currents may surpass the barrier effect of the front and associated currents. In fact, sea breezes in the study area are the most frequent wind (Panareda and Nuet, 1979; Pascual and Flos, 1984; Redaño et al., 1991) and have been identified as some of the strongest in the world (Fontserè, 1917; Redaño et al., 1991; Pattiaratchi et al., 1997) .
The distribution range of I. metallica has increased northwards in recent years in the northeast Atlantic, which has been attributed to global warming effects (Franke et al., 1999) . Also, Gutow and Franke (2001) have shown in laboratory studies that population persistence is limited to water temperatures warmer than 138C, the temperature identified as critical for reproduction. This clearly limits winter persistence of the populations in the eastern North Atlantic. In the Mediterranean Sea, occurrence of I. metallica in the neuston has been reported throughout the year (Hartman, 1976) , and it may therefore constitute stable populations because surface oceanic waters very rarely fall below 138C in the western Mediterranean (Hopkins, 1985; Salat, 1996) . Additionally, the permanent entrance of surface Atlantic waters through the Straits of Gibraltar provides a source of low-latitude waters into the Mediterranean Sea (Hopkins, 1985) . The Mediterranean populations of I. metallica may therefore be continuously reinforced by eastern Atlantic immigrant individuals attached to flotsam.
